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CANCELLATION OF FLUORIDE INHIBITION OF
BLOOD GLUCOSE CATABOLISM*t
T. S. DANOWSKI
The soluble inorganic salts of fluoride are recognized to be highly toxic
when administered parenterally or per os to animals or humans.15' 18,20
When taken in sufficiently large amounts such compounds may prove fatal
within a matter of minutes. The fluoride ion appears to be an enzyme
poison. 9'22' 34 It is known, for example, that fluoride added to suitable
preparations of tissues or plants in vitro will block the enzyme enolase,
forming a magnesium-fluoride-phosphate-enolase complex and thereby
inhibiting glycolysis at the point where phosphoglyceric acid is converted to
phosphopyruvic acid.0' 11,35 Soluble inorganic salts of fluoride will also
suppress the disappearance of glucose which characteristically occurs in
blood on standing, but no data are available as to whether or not this effect
is reversible.3' 4, 9, 17, 30, 32 Such information might well be useful in planning
the therapy of fluoride poisoning. The studies herein reported, and pre-
sented in preliminary form elsewhere,5 indicate that in defibrinated blood
this fluoride effect can in fact be cancelled by the introduction of certain
calcium and magnesium salts.
Procedure
Samples of defibrinated human blood containing added glucose, sodium fluoride,
and aqueous solutions of various salts, alone or in combination as recorded in Tables
1 through 5, were incubated in stoppered Erlenmyer flasks for seven hours at 36-37° C.,
in accordance with the procedure described in an earlier report.7 The concentration
of glucose in each flask was determined prior to and immediately following incuba-
tion.2' 3 The effectiveness of increments of CaCI, or of MgCl2 in cancelling sodium
fluoride inhibition of glucose catabolism was determined in the first two sets of
experiments (Tables 1 and 2). Table 3 consists of studies with other chloride salts
(sodium, potassium, and ammonium) to establish whether the results in the previous
two groups of experiments are to be attributed to the anions or to the cations. In
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the last two sets of studies known accelerators of glucose catabolism in defibrinated
blood7' 13, 16, ffi31 were tested in attempts to overcome the characteristic effect of
sodium fluoride (Tables 4 and 5).
Results
The data in Table 1 indicate that the inhibition of glucose catabolism by
fluoride in concentrations of 20 mEq. per liter can be cancelled almost
completely, and at times completely, by adding CaCl2 in amounts
sufficient to produce a final level of 40 or 20 mEq. per liter. Lesser concen-
trations of this calcium salt, 2.5 mEq. per liter, had no discernible effect
upon the fluoride block. From Table 2 it is apparent that a similar removal
of the fluoride effect followed the addition of MgCl2. This was less complete,
however, than that produced by CaCl2 since the 20 mEq. increments of the
magnesium salt were distinctly less effective than the 40 in permitting the
resumption of glucose catabolism. The lowest concentration tested, 2.5 mEq.
per liter, was again, as in the CaCl2 studies, totally ineffectual.
From Table 3 it is clear that this partial or complete cancellation of
fluoride inhibition by CaCl2 or MgCl2 is to be ascribed to the calcium and
the magnesium ions rather than to chloride. The other chloride salts tested
(NaCl, KCI, NH4Cl) in no instance modified the fluoride block. It is to be
noted that this was true even though one of the salts tested, NH4Cl, mod-
erately accelerated glucose loss in the control blood (final column, Table 3).
Attempts to break through the fluoride block by introducing other salts
known to accelerate glucose loss6 7 were similarly without success. Thus, in
six experiments in Table 4, NaHCO3, Na2SO4, or Na2HPO4 added in
concentrations higher than those of fluoride did not cause a resumption of
glucose catabolism. (NH4)2HP04 proved similarly ineffective in four of the
experiments. The data presented in Table 5 do indicate, however, that once
glucose catabolism has been restarted in fluoride-treated blood by intro-
ducing a magnesium salt, the accelerating effect of the sulfate ion can
again be demonstrated. In five experiments the blood sugar had dropped
much further in NaF-MgSO4 blood than in samples which contained NaF
and MgCl2. Moreover, in four of these five instances the rate of glucose
catabolism exceeded that of the controls containing only water introduced
to maintain final volumes constant and no added electrolytes. The Na2SO4
and NaCl studies in this table again indicate the ineffectiveness of these salts
against the fluoride block, and serve as controls for the sulfate and chloride
ions introduced as MgSO4 and MgCl2.
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Discussion
Unequivocal evidence has been presented that the addition to blood of
soluble calcium or magnesium salts cancels in part or completely the
characteristic effects of fluoride. The usual inhibition of glucose loss by
this halide is no longer evident in blood from diabetic or non-diabetic
subjects incubated under these circumstances. It is true, however, that the
rate of glucose loss was at times lower in fluoride-calcium or fluoride-
magnesium samples than in the controls. This slight retardation need not
represent, however, a residual fluoride effect. It may well be attributed
rather to an inhibitory action by the calcium and magnesium salts them-
selves. This effect has been demonstrated in previous studies,7 and is again
evident in Tables 1 and 2 upon comparison of the final sugar concentration
in control samples with those found in blood to which either calcium or
magnesium salts had alone been added.
It is probable that this cancellation of fluoride activity results from the
removal of this ion from solution as an insoluble salt, thereby releasing
glycolytic enzymes from its influence. This interpretation is in keeping
with the finding that of the salts tested only those which can form highly
insoluble fluorides permitted the resumption of glucose catabolism. This
would explain the greater efficacy of CaCl2 compared to MgCl2 seen in
Tables 1 and 2, since the fluoride salt of the former is far less soluble.14
This point of view is further supported by the observation that (a) BaCl2,
which can form the insoluble salt BaF2, is quite as effective as CaCl2 in
cancelling the fluoride effect, and that (b) insoluble fluoride salts (CaF2,
MgF2, and BaF2) do not inhibit glucose loss from incubated blood.8 Finally,
it is apparent from the last table that blood mixed with fluoride and then
treated with magnesium or calcium salts will respond in a characteristic
fashion to the accelerating action of sulfate. This interpretation does not
exclude the possibility that, in addition to removing the fluoride ions which
suppress the glycolytic enzymes, the calcium or magnesium salts replace
the body stores of these cations. This might conceivably be of importance
in inducing a resumption of carbohydrate metabolism in view of the demon-
strated fact that the magnesium ion serves as a catalyst at one or more
points in the glycolytic cycle in tissues.10 Such a view is at variance with the
findings of Warburg and Christian which indicated that in vitro the inhibi-
tion of purified enolase by fluoride was enhanced by increasing the con-
centration of magnesium ions.35 In our own studies, increasing the levels
of magnesium ion diminished the fluoride effect. This difference is pre-
sumably related to the fact that in the experiments herein reported a
36FLUORIDE AND BLOOD GLUCOSE 37
biological fluid rather than a purified enzyme was employed, and the
magnesium: fluoride ratios were different. The possibility that the ferment
in blood is not identical with the enolase obtained from tissues or plants
cannot of course be excluded.
Our findings do indicate, therefore, that the deleterious effects of fluoride
can be cancelled by the addition of calcium or magnesium salts. Evidence
is available that the mortality produced in rats by an intake of sodium
fluoride can be reduced by the introduction of calcium or magnesium
salts.25'27' 28 On a similar basis calcium and magnesium salts have been
used in the treatment of external fluoride burns.12 23 The importance of
the studies reported in this paper lies in the demonstration that similar
inactivation of fluoride can be produced in biological fluids. These findings
also suggest that in systemic poisoning with fluoride an additional advantage
may be derived from the use of calcium and magnesium salts. In clinical
instances of acute fluoride intoxication hypocalcemic tetany has been
observed.1'21'24'26 Similar deficits of magnesium have not been reported
though they may well be present. Under these circumstances the admin-
istration of these salts will serve not only to cancel the fluoride effects, but
will also replace any deficits of calcium or magnesium which may have
developed. The need for prompt use of calcium or magnesium cannot be
overemphasized. In the animal studies cited earlier the efficacy of this
therapy in fluoride poisoning was markedly reduced after a five-minute
delay and was virtually non-evident after ten minutes. In vitro studies of
glucose metabolism in fluoride-treated blood indicate that if the introduction
of the calcium or magnesium salt is delayed several hours the fluoride effect
becomes, in some but not all instances, irreversible.8
Summary
1. The inhibition of glucose catabolism in defibrinated blood which
follows the addition of sodium fluoride can be cancelled in part or entirely
by the introduction of soluble salts of calcium or magnesium.
2. The significance of these findings in the therapy of fluoride poisoning
has been discussed.
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